This study aimed to apply the Parallux system to detect (fluoro)quinone antibiotics residues in raw bovine milk. The immunogen enabled the generation of a specific antiserum with a titer of 1/40,000. The Parallux TM kit using the antibody displayed IC 50 value of 10 to 150 ppb for (fluoro)quinolone antibiotics. Parallux TM kit was also sensitive for the detection of incurred (fluoro)quinolone at Korean Maximum Residual Levels in raw bovine milk as the result of dose response test. Cross reactivities of the antibody with the common (fluoro)quinolones were determined to be norfloxacin, 100%; enrofloxacin, 100%; ciprofloxacin, 100%; danofloxacin, 100%; nalidixic acid, 40%. Lower detection limit (LOD) values of the Parallux TM kit in raw bovine milk were determined to be norfloxacin, 4 ppb; enrofloxacin, 5 ppb; danofloxacin, 5 ppb; ciprofloxacin, 5 ppb and nalidixic acid, 10 ppb. The Parallux TM kit was run 8 times with five different concentrations of norfloxacin to determine the coefficient of variation (CV, %) of intra-assay, which was between 2.7% and 11.8%. To confirm the precision among kit batches for the inter-assay, five different batch kits were tested with 2 different concentration of norfloxacin. The CVs of the inter assay were 4.2% at 50 ppb, and 7.2% at 10 ppb norfloxacin, respectively.
Introduction
Quinolones are often used in livestock in case of pulmonary, urinary and digestive infections. Among the quinolones derivatives, (flouro)quinolones are subgroup of widely used quinines in agriculture and aquaculture (Fierens et al., 2000) . (Fluoro)quinolones are widely used for the prevention and treatment of various diseases in animal husbandry and aquaculture, as well as in human (Hermandez et al., 2002) . The quinolones and (fluoro) quinolones comprise a series of synthetic antibacterial agents with great clinical relevance and are derived from nalidixic acid, a derivative introduced for the treatment of urinary tract infections (Fierens et al., 2000) . The original quinolones were mainly used for treating Gram negative bacterial infections. But they were later modified in order to become effective agents for treating both Gram positive and negative infections (Hermandez et al., 2011) . They have been reported the potential of these compound residues in foodstuffs of animal origin (Yorke and Froc, 2000) . (Fluoro) quinolones are among the most commonly prescribed antimicrobials and are an important risk factor for colonization and infection with (fluoro)quinolone-resistant Gramnegative bacilli and for Clostridium difficile infection (Werner et al., 2011) . They prescribed anti-microbial agent worldwide target bacterial type II topoisomerase gyrase (Boyd et al., 2009) . These compounds act directly on bacterial DNA, thus residues of these drugs in animal tissues are an important issue. They act via inhibition of DNA-gyrase, abolishing its activity by interfering with the DNA rejoining reaction. (Gigosos et al., 2000) .
In parallel to the exposure to low levels of these compounds, an increase of resistant human pathogens constituting a public health hazard, primarily through the increased risk of treatment failures, has been observed. Therefore, the chemical variety of (fluoro)quinolones and the possibility of trace level residues in food made it nec- (Fierens et al., 2000) . Norfloxacin is one of the first modern (fluoro)quinone antimicrobial agents featuring a fluorine atom in position 7 of the quinine nucleus (Chang et al., 2007) . Traditional approaches for the detection of antibiotic residues include microbial inhibition tests, immunoassays, and chromatographic method. Most determination technique is based on a liquid chromatography (LC) separation. Gas chromatography (GC) and high-performance thin-layer chromatography (HPLC) are used in only a small proportion of the methods reviewed. Some analytical techniques, such as luminescence or immunological methods, are used without prior chromatographic separation (Gigosos et al., 2000) . Only immunochemical methods based on enzyme linked immunosorbent assay (ELISA) are reported (Bucknall et al., 2003; Holtzapple et al., 1997; Snitkoff et al., 1998; Watanabe et al., 2002) . These methods are difficult to prepare samples and take a long time to obtain results.
Therefore, this study carried out to develop of generic antibody against quinolone antibiotics and the screening method for the multi-determination of quinolone antibiotics in raw bovine milk using the Parallux TM system. Parallux TM (a solid-phase fluorescence immunoassay) is an analytical system for detection of antibiotics residues in raw bovine milk. To detect (fluoro)quinolone antibiotics in raw bovine milk using the Parallux TM system, polyclonal anti-sera against norfloxacin were generated in rabbits using a norfloxacin-bovine serum albumin (BSA) conjugate as an immunogen.
Materials and Methods

Materials
Norfloxacin, 1-(3-dimethlaminopropyl)-3-ethyl carbodiimide (EDC), BSA, Freund's Adjuvant complete, Freund's Adjuvant incomplete, Protein G Sepharose 4 fast flow and Sephadex G-25 were purchased from SigmaAldrich(USA); N,N,N,N-tetramethyl benzidine substrate (TMB) and stop solution were from KPL (USA); Antirabbit Immunoglobulin G-Horseradish Peroxidase (IgG-HRP) was from Santa Cruz Biotechnology(USA); Monofunctional NHS-ester Cy5 dye was from GE Healthcare Life Sciences(USA); Protein assay kit and Keyhole limpet hemocyanin (KLH) were from Pierce; Rabbits were from MJ Ltd. (Korea); 96-well microplate for ELISA was from Greiner bio-one (Germany).
Antibiotics conjugation
Norfloxacin-BSA immunogen The method of conjugation was based on a variation of the carbodiimide, a zero-length cross linker, reaction described by Preston and Hencin (1986) . One milligram EDC was added to 2 mg Norfloxacin in MES buffer and the mixture was added to 2 mg BSA in MES buffer. The conjugation mixture was stirred for 2 h at room temperature. Conjugate was separated from small molecular weight reactants by gel filtration chromatography on a column of Sephadex G-25 equilibrated with 20 mM phosphate buffered saline (PBS).
Norfloxacin-KLH conjugates
The method was based on another variation of the carbodiimide. Two milligram norfloxacin, 4 mg EDC and 8 mg sulfo-NHS in 0.5 mL DMF were stirred for 30 min at room temperature. After incubation, the reactants were added to 2 mg BSA in MES buffer. Conjugate was purified by gel filtration chromatography on a column of Sephadex G-25 equilibrated with 20 mM PBS.
Generation of polyclonal antibody
Polyclonal antisera were obtained from rabbits. Rabbit anti-sera to norfloxacin were prepared by intramuscular inoculation of rabbits with 1 mL norfloxacin-BSA emulsified in an equal volume of Freund's Adjuvant complete. After 2 wk, rabbits were given a booster injection of antibiotics conjugate mixed Freund's Adjuvant incomplete. Two weeks later after booster, rabbits were bled and the anti-sera were separated by storing the blood samples overnight at 4 o C followed by centrifugation at 2,500 rpm at 4 o C for 10 min. Separated sera were stored at -80 o C until use.
Titration
Norfloxacin-KLH conjugate was diluted at concentrated of 10 µg/mL in coating buffer (50 mM carbonate buffer, pH 9.6). Hundred microlitre of diluted conjugate was added to each well of 96-well microplate. After incubation for 2 h at 37 o C, the plate was washed 3 times with PBS containing 0.05% Tween 20. In 200 µL of blocking solution, 1% skim milk was added to each well and incubated for 1 h at 37 o C. Anti-sera were diluted from 1,000-fold to 256,000-fold in PBS containing 0.3% skim milk and applied to each well. The anti-sera were incubated for 1 h at 37 o C and 3 times washed with PBS containing 0.05% Tween 20. Diluted anti-rabbit IgG-HRP was added
